Abstract. Bladder cancer (BC) is the most common malignant disease. The developing of economically sustainable and available agents for the treatment of BC is required. Purple sweet potato anthocyanin (PSPA) has been shown to have antitumor abilities. The present study aimed to evaluate the potential role of PSPA in BC treatment. CCK-8 assay was used to assess the viability of BC cells. Flow cytometry assays were performed to evaluate the mitochondrial membrane potential (MMP), cell apoptosis and cell-cycle distribution. Real-time PCR (RT-PCR) and western blot analysis were performed to determine the expression of the target genes. The results of this study revealed that PSPA reduced the viability of BC in a dose-dependent manner. The MMP collapse was aggravated by the PSPA treatment. The apoptosis rate was higher in the PSPA groups than that in the control group. The expression of the pro-apoptosis genes, including cleaved caspase-3, Fas, Fasl, Bcl-2-associated X proteins (Bax) and anti-apoptotic gene (Bcl-2) was induced and decreased by PSPA, respectively. The cell-cycle progression was suppressed by the presence of PSPA. The activation of the phosphatidylinositol-4,5-bisphosphate 3-kinase/Akt (PI3K/Akt) signaling pathway was suppressed by PSPA treatment during BC treatment. The PI3K/Akt signaling was closely related to the antitumor effect of PSPA in BC. The present study provided evidence regarding the treatment of BC and enhanced the understanding of the potential role that PSPA plays in cancer prevention.
Introduction
Bladder cancer (BC) is the most common malignant disease in elderly patients throughout the world. BC typically arises from urinary bladder tissue, where it predominates across North America and Western Europe. The incidence of BC is more common in males than in females (1, 2) . The primary risk factors for BC consist of aging, smoking, chronic irritation, family genetic history and chemical exposure (3, 4) . There are sophisticated techniques for the treatment of BC, however previous literature has stated that the treatment of BC remains a challenge (5, 6) . Developing economically sustainable and available agents for the treatment of BC is urgently needed within the scientific community.
Anthocyanidins are antioxidant polyphenolic compounds that are found in fruits and vegetables, where they are refined into anthocyanins (7) . Purple sweet potato (PSP) obtains its unique color due to the presence of anthocyanins, and therefore it is recognized as a healthy food and used as a food colorant. Recent studies have revealed that the purple sweet potato anthocyanin (PSPA) has various health benefits such as antioxidant, antihypertensive, as well as liver and retina protective (8) (9) (10) . Studies in humans and rats revealed that PSPA is absorbed into the body, where it is rapidly detected in the blood (11, 12) . The antitumor effect of the PSPA has gained attention, since it has been demonstrated to have an effect in rectal (13) , colon (14) and stomach cancer (15) . However, the potential function that PSPA plays in BC remains undetermined.
Molecular-targeted therapy is a hot topic in cancer prevention, including BC, where it is thought to disrupt the molecular events associated with tumor proliferation (6) . The phosphatidylinositol 3-kinase (PI3K) pathway is an important signaling pathway within living cells. This pathway is responsible for regulating cell survival and cell proliferation (16) . The abnormal activation of the PI3K pathway has been identified in multiple cancers (17, 18) . The components involved in this pathway, including Akt, could serve as possible therapeutic targets during cancer development (19, 20) . The PI3K/Akt is a promising molecular target among the treatments of BC.
It appears plausible that PSPA could be involved in the physiological development of BC. The present study aimed to investigate whether PSPA exerted antitumor effects on BC by detecting its effect on cell apoptosis and cell cycle arrest of BC cells in vitro. The underlying molecular mechanisms were also explored. This study aimed to contribute to the treatment of BC and enhance the understanding of the possible role that PSPA plays in cancer prevention.
Materials and methods
PSPA preparation. The PSP cultivars Zi A1, Anhui Zi, Chuanshan Zi, Jishu 18 and Zi A0 were obtained from the Academy of Agricultural Sciences in Xuzhou (Jiangsu, China). Based on previously described methods (21), 5 to 8 mm PSP slices were dried under the condition of 50˚C (moisture content in dry products <12%). Subsequently, the dry PSP powder was mixed with acidizing solution (95% ethanol:1 M HCL=9:1, v/v). After 3 h, the mixture was centrifuged for 20 min at 8000 x g/min. The supernatant was decreased using petroleum ether (extract:petroleum ether=1:2). The concentrate was absorbed by a macroporous resin (AB-8) and eluted by an ethanol solution (containing 0.01% HCL) at a flow rate of 1 ml/min. The anthocyanin effluent was harvested and concentrated. The solutions were diluted to perform the spectral scanning using the UV-vis spectrophotometer model Genesys 10S (Thermo Fisher Scientific, Inc., Waltham, MA, USA). The absorbance was assessed at the maximum absorption peak. The total content of PSPA was calculated according to the following formula: Fw = (ExV)/(98.2xM) x 100 [E, optical density; V, final volume (ml), M, sample weight (g), 98.2, the molar extinction coefficient of anthocyanins].
Cell culture. Bladder cell lines, 5637 and T24, were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). The cells were cultured in RPM-1640 and McCoy's 5a (ATCC) medium with 10% FBS, at 37˚C in an incubator containing 5% CO 2 atmosphere. The non-cancerous bladder cells, SV-HUC-1 (ATCC) were cultured in Ham's F-12K medium. When the cells reached ~80% confluency, PSPA was added for the treatment of BC. The concentrations and incubation time were stated in the following assays.
CCK-8 assay. Cell viability was estimated by a CCK-8 kit (Beyotime Institute of Biotechnology, Haimen, China) according to the manufacturer's instructions. The 5637 and T24 cells (1x10 3 cells/well) were seeded into 96-well plates, and incubated for 24 h. According to a previous study (2) , different doses of PSPA (100, 300, 500, 800 and 1000 µg/ml) were added to the culture medium. The cell viability was assessed after 24, 48 and 72 h. The optical density (at 450 nm) was recorded with a microplate reader (Bio-Rad Laboratories, Hercules, CA, USA).
Assessement of mitochondrial membrane potential (MMP).
The cells were plated at a density of 1x10 4 cells/well into 6-well plates, where they were cultured for 24 h. The cells were treated with various doses of PSPA (100, 300 and 500 µg/ml) for 48 h. Apoptosis detection. An Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) kit (Sigma-Aldrich) was used to evaluate the apoptosis level in the BC cells. The indicated treatment with the PSPA followed. The cells were collected and washed with a PBS working buffer. The collected cells were incubated with Annexin V-FITC for 15 min, followed by another 10 min with PI in the dark. The apoptosis rate was analyzed on a FACSCalibur, according to the manufacturer's protocol.
Cell-cycle distribution analysis. The cells were stained with a Cycletest Plus DNA Reagent kit (Becton-Dickinson). Ethanol was used to fix the cells. The cells were then incubated with RNase for 30 min at 37˚C. The DNA content was assessed Real-time PCR. The cells were collected after the PSPA treatment. The total RNA was prepared from the cell cultures, using an RNA isolation kit (Takara Bio, Inc., Shiga, Japan), according to the manufacturer's instructions. The concentration of RNA was detected by NanoDrop (NanoDrop Technologies, Wilmington, DE, USA). The cDNA Synthesis kit (Takara Bio) was used to synthesize the cDNA from 2 µg of RNA, according to the manufacturer's protocol. A SYBR Green PCR Master Mix (Takara Bio) was used to quantify the target gene expression level. The amplification assay was performed on Applied Biosystems ABI 7500 (Thermo Fisher Scientific, Inc). The primers used were as follows: Fas sense, 
Results
The effect of PSPA on the viability of BC cells. The acylanthocyanin structure in PSP caused the extracts to have a strong absorption peak approximately 330 nm (Fig. 1A) . The absorbance value in the visible region (approximately 530 nm) ranged from 0.2-0.4 contingent on the different PSPA types. The PSPA from the Zi A1 extract had the highest concentration of anthocyanins (76.63 mg/100 g Fw) and the highest absorbance value. Therefore, the PSPA from Zi A1 was selected for the subsequent experiments. The effect of PSPA on BC cell lines, 5637and T24, was determined. The results revealed that the viability of the BC cells decreased as the PSPA treatment concentrations increased. The inhibition rate of the PSPA at 800 µg/ml was >60% after a 72-h incubation (Fig. 1B) . PSPAs at concentrations of 100, 300 and 500 µg/ml were chosen to explore the function of PSPA in BC cells.
The effect of PSPA on cell viability and apoptosis in noncancerous bladder cells. To estimate the effect of PSPA on non-cancerous bladder cells, the cell viability and apoptosis was assessed. It was revealed that, after 48-h incubation with PSPA, the viability of non-cancerous cells was improved and the non-cancerous cells exhibited an elevated Bcl-2/Bax ratio. Furthermore, the Bcl-2/Bax ratio was more obvious in BC cells (Fig. 2) . It was indicated that the PSPA treatment did not decrease the cell proliferation of non-cancerous cells and it presented proliferation promotion effects to some extent.
PSPA enhanced the collapse of MMP and ROS accumulation of BC cells.
Mitochondria are deeply involved in cell death. The collapse of mitochondrial membrane potential (MMP) is the hallmark step in the progression of cell apoptosis. The loss of the MMP induces the ROS-mediated oxidative stress (22) . The MMP and the ROS content were assessed to detect whether the PSPA caused oxidative stress in the BC cells. The results displayed in Fig. 3A -D demonstrated that the Rho123 staining fluorescence was reduced by the PSPA in a dose-dependent manner. The ROS content in 5637 and T24 cells gradually increased after the PSPA treatment ( Fig. 3E-F) .
PSPA triggered apoptosis and cell cycle arrest of BC cells.
The apoptosis rate and cell cycle progression of BC cells were assessed in order to confirm the effect of PSPA on BC cells. The results from flow cytometry revealed that the marked apoptosis of 5637 and T24 cells was triggered by the dosedependent PSPA treatment (Fig. 4) . The cell cycle checkpoint has been widely accepted to be linked to cancer. The cell cycle distribution after the treatment of PSPA was determined. It can be noticed that a climb in the proportion of S-phase cells, a decrease in G1-phase cells and an increase in the G2/M phase. Among these changes, the proportions of cells in the G2/M phase were increased in an almost linear manner (Fig. 5) .
The effect of PSPA on the expression of apoptotic and cell cycle related proteins. The expression of the apoptosis-related genes was estimated in order to investigate the mechanisms by which PSPA enhanced the sensitivity to apoptosis of the BC cells. The results revealed that the expression of the proapoptotic genes (Fas, Fasl and Bax) and the anti-apoptotic gene (Bcl-2) was elevated and then weakened by the PSPA in the transcriptional level ( Fig. 6A and B) . Cyclin B1 and Cdc2 are important cyclin regulatory proteins in the G2/M checkpoint (23) . The mRNA expression of these two proteins was downregulated in the PSPA groups compared to the control group both in the transcriptional and translational levels ( Fig. 6C and D) . The expression of these apoptosis-and cell cycle-associated proteins was consistent within the mRNA level. The expression of cleaved caspase-3 was higher in the PSPA treatment groups (Fig. 7) .
PSPA inhibited the PI3K/Akt signaling pathway in BC cells.
PI3K/Akt signaling is an important signaling pathway in the cell cycle regulation, where it is directly related to cancer (16) . As displayed in Fig. 8 , the PSPA treatment activated the expression of p-PI3K and p-Akt in the non-cancerous bladder cells. Furthermore, the activity of PI3K/Akt was elevated in the BC cells compared to the non-cancerous bladder cells. By contrast, the phosphorylation of PI3K was suppressed by the PSPA pre-treatment. The expression of the total PI3K was not influenced. The phosphorylation of its downstream substrate, Akt, was inhibited by the PSPA. The expression of the total Akt was not altered.
Discussion
In the present study, we observed a strong absorption peak approximately 330 nm that indicated the profound distribution of acylated anthocyanins in PSP, especially PSPA from Zi A1.
The results in the present study proved that PSPA inhibited the cell viability of BC cells in a dose-dependent manner. By contrast, PSPA exhibited an opposite effect in non-cancerous cells by enhancing cell viability and resistance to apoptosis. Furthermore, according to previous studies, PSPA was capable of inhibiting the proliferation in multiple cell types (24) , while the proliferation and anti-apoptotic effect of PSPA has also been reported (25, 26) . The reason for this appeared contradictory effect was not very clear. It may have been influenced by the intracellular microenvironments. The present study focused on the antitumor effect of PSPA. However, the effect of the anthocyanins in these studies was attributed to the non-acylated anthocyanins. There was a strong absorption peak approximately 330 nm, which indicated the distribution of the acylated anthocyanins in the PSPA, particularly the PSPA from Zi A1. We observed that the PSPA inhibited the BC cell viability in a dose-dependent manner. This effect was largely attributed to the acylated anthocyanins in PSPA, which was supported by a previous study (27) . Caffeic and ferulic acid also demonstrated anti-proliferative abilities in cancer cells (28, 29) , therefore, coffeoyl and feruloyl in PSPA provided the beneficial antitumor effect. Anthocyanins are first metabolized by the gut microflora, leading to anthocyanidin metabolites (30, 31) . It was uncertain whether the anthocyanins were metabolized into anthocyanidins or other metabolites within this study model. The exact molecules (anthocyanins, anthocyanidins or their combined effect) that exerted this cancer prevention effect were unclear in the present study.
Furthermore, the collapse of the MMP and the ROS content were enhanced by the PSPA treatment. Oxidative stress was subsequently triggered, which was closely related to cell survival (32) . The growth inhibitory effect of PSPA could be attributed to the overload of ROS in BC cells. This was in agreement with some cancer cell studies (13, 14) . There were studies that reported a promotion effect of PSPA on cell viability (25, 33) . The anthocyanins appeared to have a paradoxical role in the generation of the ROS (34) (35) (36) . These contradictory results could be caused by the different cell redox status, the cell types and the concentration employed, which would lead to different cell fates. The anti-proliferation ability could be modulated by the induction of apoptosis. Mitochondria have been implicated in apoptosis (37) . Mitochondria dysfunction triggers the dissipation of MMP, the release of caspase-activating factors and finally leads to the activation of apoptosis cascades (38) . The apoptosis of BC cells was aggravated by PSPA. On the contrary, cell cycle arrest is another common cancer prevention strategy. The effect of PSPA on cell cycle arrest was further evaluated. The data in the present study indicated that PSPA induced the G2/M arrest of the BC cells. The G2/M checkpoint is a DNA-damage checkpoint in cell cycle regulation, which suppresses the progression of the cell cycle (23) . This checkpoint was used to prevent tumor growth and to induce the apoptosis of tumor cells. Thus, PSPA was able to suppress the growth of BC cells by inducing cell cycle arrest.
Many molecules have been identified as participants in the apoptosis cascades, which either promote or inhibit apoptosis. For instance, Bcl-2 is an anti-apoptotic molecule, while the Fas/Fasl and Bcl-2-associated X protein (Bax) are pro-apoptotic molecules (39, 40) . The activation of caspase-3 is the convergence of multiple apoptosis signaling (41) . The expression of the proapoptotic genes (Fas, Fasl, and Bax) and the anti-apoptotic gene (Bcl-2) was induced and suppressed by the PSPA. The PSPA enhanced the activity of caspase-3 and increased the BC cell apoptosis. This effect was partly due to the inhibitory effect of PSPA on cell viability. In addition, the expression of regulatory proteins, cyclin B1 and Cdc2 that were involved in the G2/M checkpoint was evaluated to confirm the effect of PSPA. The degradation of cyclin B1 and Cdc2 would promote the G2/M arrest, which could be a treatment option for tumor suppression (42) . The results revealed that the expression of cyclin B1 and Cdc2 was downregulated by PSPA. These results indicated that PSPA inhibited tumor growth, enhanced the sensitivity to apoptosis and induced the G2/M arrest of the BC cells. PI3K/Akt is an important mechanism for controlling cell growth and proliferation (16) . The PSPA was suggested to activate the PI3K/Akt signaling in some study models (43, 44) . The data in the present study revealed that the activity of PI3K and Akt was mitigated in the PSPA treatment group. This result seemed to be conflicting to the effect of the PSPA. However, hyperactivation of the PI3K/Akt signaling is common in cancer (45, 46) . Therefore, the decreased activity of the PI3K/Akt signaling could be favorable for cancer prevention. This could depend on the cell types and cell context (47) . These observations support the beneficial effect of PSPA. Collectively, the antitumor effect of PSPA was proved in BC cells. According to the work model scheme displayed in Fig. 9 , after the treatment of PSPA, the mitochondria in BC cells were dysregulated and then serious oxidative stress was triggered. Under this excessive oxidative stress, the cell viability was reduced, the cell cycle was arrested and apoptosis was induced in BC cells. Although the exact regulation mechanism needed further investigation, our results revealed that the inhibition of PI3K/Akt was associated with the protective effect of PSPA. Furthermore, the antitumor effect of PSPA was gathered from the in vitro data. This was another limitation of the present study. It is necessary to confirm the antitumor effect within further in vivo studies. The combination administration of the current chemotherapeutic drug with the PSPA could bring an intriguing effect in protection against BC.
The current study demonstrated that PSPA exerted an antitumor effect in BC cells through the suppression of cell viability, the aggravation of MMP collapse, the promotion of apoptosis and the induction of cell cycle arrest, which could be related to the suppression of the PI3K/Akt signaling. The data in the present study were an in vitro analysis and this study seems to be the first preclinical study that illustrated the effect of PSPA in BC. The present study shed light on a possible antitumor agent as a treatment option for BC.
